There is tremendous worldwide interest in functional nanostructured materials, which are the advanced nanotechnology materials with internal or external dimensions on the order of nanometers. Their extremely small dimensions make these materials unique and promising for clean energy applications such as lithium ion batteries, supercapacitors, hydrogen storage, fuel cells, and other applications. This paper will highlight the development of new approaches to study the relationships between the structure and the physical, chemical, and electrochemical properties of functional nanostructured materials. The Energy Materials Research Programme at the Institute for Superconducting and Electronic Materials, the University of Wollongong, has been focused on the synthesis, characterization, and applications of functional nanomaterials, including nanoparticles, nanotubes, nanowires, nanoporous materials, and nanocomposites. The emphases are placed on advanced nanotechnology, design, and control of the composition, morphology, nanostructure, and functionality of the nanomaterials, and on the subsequent applications of these materials to areas including lithium ion batteries, supercapacitors, hydrogen storage, and fuel cells. 
applications await novel technologies to further improve the hydrogen storage capacity and reversibility. In direct methanol fuel cells (DMFCs) or direct alcohol fuel cells (DAFCs), and the proton exchange membrane fuel cells (PEMFCs), the anodic oxidation of combustibles and the cathodic reduction of oxygen should be catalysed to occur at adequate rates at low temperatures 10 . To develop catalysts with high activity, reasonable reliability, and durability, in combination with cost reduction, is an important task.
Applications of functional nanostructured materials:
Functional nanomaterials are advanced nanotechnology materials with internal or external dimensions on the order of nanometers. These extremely small dimensions make these materials unique and promising for clean energy areas such as lithium ion batteries [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , supercapacitors 19, [26] [27] [28] , hydrogen storage [29] [30] , fuel cells [31] [32] [33] , and other applications. Some examples from our recent work demonstrate that nanostructured materials can play significant role in improving the electrochemical performance of proposed alternative electrode materials.
Functional nanostructured materials for lithium ion batteries:
Graphite and LiCoO 2 are the commercial anode and cathode materials, respectively, since the introduction of LIBs in the 1990s. There two issues for the electrode materials: (1) lithium storage capacities are still not enough for the market requirements and (2) to improve both the cycling stability and the rate capability is a great challenge. It is interesting that a cluster-type nanostructure and a non-clustered structure ( Figure 1 ) have different effects on the electrochemical performanceof different composites of clustered-Ge/carbon (C-Ge/C) and non-clusteredGe/carbon (NC-Ge/C). The NC-Ge/C structure showed very poor capacity retention at rates over 1 C, while the C-Ge/C structure showed an exceptionally high rate capability up to the 40 C rate (64 A g -1 ) 21 , which means that this composite as anode material of a lithium ion battery could be charged to full capacity in 1.25 minutes. Although the high price of germanium is a drawback for the commercialization of this anode material, the C-Ge/C composite has the potential for being a high-energy and high-power anode material for lithium-ion batteries.
Hollow-structured α-Fe 2 O 3 /carbon nanocomposite with a high surface area of around 260 m 2 g -1 (Figure 2 ), synthesized by a one-step, in situ, and industrially-oriented spray pyrolysis method, showed a high capacity of 1210 mAh g -1 at a current density of 0.1 C (100 mA g -1 ), enhanced rate capability, and excellent cycling stability (720 mAh g -1 at a current density of 2 C up to 220 cycles) 22 . The reasons are (1) A novel nanocrystalline porous α-LiFeO 2 -C composite with a high surface area of around 115 m 2 g -1 ( Figure 3 ) 24 delivered a significantly higher reversible capacity and excellent cycling stability (230 mAh g -1 at 0.5 C after 100 cycles).
Even at the high rate of 3 C, the electrode showed more than 50% of the capacity at low rate (0.1 C). The excellent electrochemical performance of this nanocomposite electrode is due to the porous conductive architecture among the nanoparticles, which decreases the absolute volume changes and increases the mobility of lithium ions, also offering conductive pathways along the whole interconnected wall in the structure, which is favourable for the transport of electrons, promotes liquid electrolyte diffusion into the bulk materials, and acts as a buffer zone to absorb the volume changes. The above excellent electrochemical performance of the nanocomposite electrode is due to the porous conductive architecture among the nanoparticles, which offers only a small absolute volume change. The carbon matrix also offers conductive pathways, which are favourable for the transport of electrons, promotes liquid electrolyte diffusion into the bulk materials, and acts as a buffer zone to absorb the volume changes. So nanomaterials play an important role for lithium rechargeable batteries
Functional nanostructured materials for supercapacitors
Supercapacitors have much longer cycle life, fast charge and higher power density than batteries, but their energy density is still very low making them heavy and bulky. To solve this problem, the research in the world has been focused on two main fronts -(1) combination of pseudocapacitor (metal oxides) and electrical double layer capacitors (carbonaceous materials) materials, and (2) the engineering of new structures and morphologies.
Electrodeposited MnO 2 nanowire/carbon nanotube (CNT) paper composite showed specific capacitance as high as 167. Graphene oxide − multi-walled carbon nanotube (MWCNT) composite, MWCNTs, and graphene oxide showed specific capacitances of 251, 85, and 60
F/g at a scan rate of 5 mV s -1 , respectively, and a total increase of 120.5% was recorded over 1000 cycles for the graphene oxide-MWCNT composite at 20 mV s -1 . 28 MWCNTs act effectively as a spacer and inhibit the restacking of graphene oxide sheets, thus facilitating the diffusion of electrolyte.
From above examples, we can say nanostructured materials increase the capacitance of supercapacitors.
Functional nanostructured materials for hydrogen storage
Hydrogen, when burned, produces only water, which is harmless to the environment, and is an ideal fuel for transportation. For automotive application, the hydrogen storage system must be able to hold enough fuel for a driving range of 450 km before refilling. At room temperature and atmospheric pressure, 4 kg of hydrogen occupies a volume of 45 m 3 . This corresponds to a balloon 5 m in diameter -hardly a practical solution for a vehicle 8 . Currently, no technology meets this goal within the constraints of allowable weight and volume for passenger cars. For hydrogen as a future energy carrier, the development of an efficient, robust, safe, and inexpensive hydrogen storage system is needed. The
United States DOE has established requirements that are to develop and achieve an on-board hydrogen storage system with at least 5. 
Functional nanostructured materials for fuel cells
Molten carbonate fuel cell (MCFC) and solid oxide fuel cell (SOFC) need to be operated at high operation temperature (>500 
